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ALIGNMENT LAYER FOR LIQUID CRYSTAL 
DEVICES AND METHOD OF FORMING 

BACKGROUND 

This invention relates generally to liquid crystal de 
vices and particularly to an alignment layer for such 
devices, and to a method of forming such layers. ' 

Display devices which utilize twisted nematic liquid 
crystals include a liquid crystal material disposed be 
tween two insulative substrates, at least one of which is 
transparent. Electrical control electrodes are disposed 
on the surfaces of the substrates which face the liquid 
crystal material. In'one type of liquid crystal device 
both the substrates and their associated electrodes are 
transparent to permit light to pass through the entire 
structure when the elongated molecules of the liquid 
crystal'material are in one orientation, or to be opaque 
to light for another orientation of the liquid crystal 
molecules. In another type of liquid crystal device only 
one substrate and its associated electrode are transpar 
ent. In this type of device, light passes through the 

' substrate and is re?ected off the liquid crystal material 
for one state of the liquid crystal material. For another 
state of the liquid crystal material, light passes through 
the liquid crystal material and is re?ected from the 
other substrate For both types of devices images are 
formed by voltage biasing the control electrodes of 
selected cells to change the light transmission capabili 
ties of the energized cells. 

In both types of liquid crystal devices the molecules 
of the liquid crystal material are elongated and must be 
properly aligned with the surfaces of the substrates in 
order to assure uniformity of operation and high con 
trast of the displayed information. The required align 
ment of the liquid crystal molecules is achieved by 
coating the surfaces of the electrodes with an alignment 
material and rubbing the alignment material in the di 
rection desired for the alignment of the molecules. 

’ In active matrix liquid crystal display devices a 
switching device, such as a thin ?lm transistor (TFT) or 
a solid state diode, is associated with each of the liquid 
crystal elements within the display. The alignment layer 
for active matrix liquid crystal devices must control 
three properties to provide optimum operation and 
contrast. The properties are the tilt angle between the 
principal axis of the molecules and the substrate, molec 
ular alignment (parallel orientation of the liquid crystal 
molecules), and a high RC time constant. The tilt angle 
should be between 1° and 5° to provide a suitable re 
sponse time and to optimize the viewability of the de 
vice. Good molecular alignment of the liquid crystal 
molecules is necessary to provide uniformity of opera~ 
tion and high contrast between the energized and deen 
ergized states. A high RC time constant is needed be 
cause the resistivity of the liquid crystal material must 
be suf?ciently high to assure that the liquid crystal cells 
are capable of storing a charge for a time period of 
sufficient duration to display the desired image. It is 
desirable for the RC time constant to be in excess of 100 
msec, it is also desirable that the time constant does not 
change during life of the display device. 

In directly driven liquid crystal devices, i.e. those 
which do not employ solid state switching devices, the 
alignment layer must control only the tilt angle and the 
alignment of the liquid crystal molecules. The time 
constant, or resistivity, of the liquid crystal material is of 
no concern, because the liquid crystal cells are not 
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called upon to store a charge during the display of 
information. Accordingly, the alignment layer for di 
rectly driven display devices frequently is polyimide. 
The polyimide provides excellent molecular alignment 
and a desirable tilt angle within the range of l.5° to 3°. 
Initially, the time constant of a cell having a polyimide 
alignment layer is 30 to 100 msec. Upon exposure to 
elevated temperatures, in the order of 90' C., the time 
constant degrades to 10 to 30 msec. A time constant of 
this duration is unacceptable for active matrix liquid 
crystal displays. Also, polyimide alignment material 
frequently degrades the resistivity of commonly used 
liquid crystal materials and, therefore, is unsuitable as an 
alignment layer in active matrix liquid crystal devices. 
Other materials, which do not adversely effect the resis 
tivity of the liquid crystal material, typically demon 
strate either poor molecular alignment or inadequate tilt 
angle and, therefore, also are not useful as alignment 
materials for active' matrix liquid crystal devices. For 
example, when angle evaporated SiOz is used as the 
alignment material the tilt angle is dif?cult to control 
because the deposition is not easily repeatable. 
For these reasons there is a need for an alignment 

layer for active matrix liquid crystal devices which 
provides acceptable tilt angle, good alignment of the 
liquid crystal molecules and a RC time constant suitable 
for use with active matrix liquid crystal devices. The 
present invention ful?lls these needs. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

U.S. application Ser. No. 428,698’ ?led on even date 
herewith by G. Kaganowicz, entiled “Inorganic Align 
ment Layer For Liquid Crystal Devices And Method 
Of Forming”, describes technology related to that de 
scribed herein. 

U.S. application Ser. No. 428,696 ?led on even date 
herewith by G. Kaganowicz and J. W. Robinson, enti 
tled “Method Of Making Liquid Crystal Devices With 
Improved Time Constant” describes technology related 
to that described herein. 

U.S. application Ser. No. 428,694 ?led on even date 
herewith by G. Kaganowicz and J. W. Robinson enti 
tled “Method Of Making Liquid Crystal Devices With 
Improved Adherence” describes technology related to 
that described herein. 
The teachings of these applications are incorporated 

herein by reference. 

SUMMARY 

A liquid crystal device having a liquid crystal mate 
rial disposed between parallel substrates and having 
electrodes arranged on the surfaces of the substrates 

. adjacent to the liquid crystal material, includes an im 
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proved alignment layer which is made by glow dis‘ 
charge deposition onto the electrodes and which is 
comprised of a percentage of nitrogen falling within a 
?rst range, a percentage of carbon falling within a sec~ 
ond range, and the balance hydrogen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli?ed cross section of a preferred 
embodiment. 
FIG. 2 is a simpli?ed cross section of a second pre 

ferred embodiment. 
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DETAILED DESCRIPTION 

In FIG. 1, a liquid crystal device 10 includes a liquid 
crystal material 11 disposed between two transparent 
insulative substrates 12 and 13. A transparent electrode 
14 is disposed on the surface of the substrate 13 which 
faces the liquid crystal material 11. A transparent elec 
trode 15 is provided on the surface of the substrate 12 
which faces the liquid crystal material 11. Any solid 
state switching devices, such as TFT’s or MIM’s, which 
are required for an active matrix display device are not 
shown. However, the space needed for the solid state 
switching devices typically is provided by omitting a 
small corner of the electrode 14, and fabricating the 
solid state switching device in the space thus provided 
using solid state manufacturing techniques, which are 
known to those skilled in the art. An alignment layer 16, 
which provides good molecular alignment, optimum 
resistivity and good tilt angle, is deposited over the 

' transparent electrode 14. Similarly, an alignment layer 
17, which also provides good molecular alignment, 
optimum resistivity and good tilt angle, is deposited 
'over the transparent electrode 15 of the substrate 12. 
The alignment layers 16 and 17 are applied to the 

transparent conductive electrodes 14 and 15 utilizing 
glow discharge processes, which are well known in the 
art. The use of glow discharge processes results in 
highly cross linked molecules of the alignment material, 
which is very desirable for providing the desired molec 
ular alignment and tilt angle. Preferably the glow dis 
charge process is magnetically enhanced. The glow 
discharge process is carried out utilizing a hydrocarbon 
as a source of hydrogen and carbon, and nitrogen as a 
source of nitrogen. The resulting alignment layer con 
tains l to 10% nitrogen, 40 to 85% of carbon and the 
balance is hydrogen. It has been found that the utiliza 
tion of this material causes no signi?cant degradation of 
the liquid crystal material resistivity even upon ex 
tended life test. The invention is advantageous because 
optimum molecular alignment, tilt angle and resistivity 
are obtained in a one step process having repeatability 
which is acceptable for volume production. 
The transparent electrodes 14 and 15 preferably are 

made of indium tin oxide (ITO) and adhere well to the 
substrates 12 and 13. It is also important for the align 
ment layers 16 and 17 to adhere to the ITO’s 14 and 15. 
The adherence between the lT0’s and alignment layers 
can be signi?cantly enhanced by coating the ITO’s with 
polyimide prior to depositing the alignment layers 16 
and 17 onto the structure. 

In FIG. 2, the liquid crystal display device 10’ is 
similar to that of FIG. 1 as indicated by the like refer 
ence numbers. However, in FIG. 2 a polyimide layer 18 
is present between the electrode 15 and the alignment 
layer 17. Similarly, polyimide layer 19 is present be~ 
tween the electrode 14 and the alignment layer 16. 
Methods of applying the polyimide layers 18 and 19 are 
well known in the liquid crystal art. 
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EXAMPLE. 1 

A liquid crystal cell substrate coated with polyimide 
was placed into a glow discharge system on a plate 1" 
away from electrode. The system was evacuated to 105 
torr and 24 sccm of acetylene and 3 sccm of nitrogen 
were introduced into the system to a pressure of 20p. 
lOO W of 13.56 MHz power was applied for 60 seconds 
to form a 350 A coating on the substrate. The coating 
passed the scotch tape adhesion test. The nitrogen con 
tent of the coating was 7% (AES). 

EXAMPLE 2 

A liquid crystal cell substrate was coated as in exam 
ple 1 except that substrate was without the polyimide 
coating. The coating failed the scotch tape adhesion 
test. 

Cells from both examples were assembled. Cells pre 
pared as in example 1 had initial good alignment and 
time constant of about 1.5 sec. After 4 weeks in 90% 
relative humidity at 90° C., the time constant was 2.4 sec 
and alignment was without change. 

Cells made as in example 2 had an initial time constant 
of 1.2 sec however they appeared blotchy which is 
characteristic of coatings with poor adhesion. 
What is claimed is: 
1. In a liquid crystal device having a liquid crystal 

material disposed between first and second substrates 
and electrodes arranged on the surfaces of said sub 
strates adjacent to said liquid crystal material, an im 
provement comprising: 

alignment layers deposited by glow discharge onto 
said electrodes and comprised of a percentage of 
nitrogen falling within a range of l to 10% percent 
age, a percentage of carbon falling within a range 
of 40 to 85% percentage, and a percentage of hy 
drogen needed to bring the total percentage to 
100%. 

2. The liquid crystal device of claim 1 further includ 
ing polyimide layers between said electrodes and said 
alignment layers. 

3. A method of forming alignment layers for liquid 
crystal materials on the control electrodes of a liquid 
crystal display device comprising the steps of: 

depositing by glow discharge a material comprised of 
a percentage of nitrogen falling within a range of l 
to 10% percentage, a percentage of carbon falling 
within a range of 40 to 85% percentage and a per 
centage of hydrogen necessary to bring the total 

' percentage of 100%, onto said electrodes; and 
rubbing said layer in a direction desired for molecular 

alignment of the molecules of said liquid crystal 
material. 

4. The method of claim 3 further including the step of 
magnetically enhancing said glow discharging. 

5. The method of claim 3 further including the step of 
applying a layer of polyimide to said electrodes prior to 
depositing said material onto said electrodes. 

6. The method of claim 4 further including the step of 
applying a layer of polyimide to said electrodes prior to 
depositing said material onto said electrodes. 

* i # 1! i 


